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Abstract 
CO2 capture and storage (CCS) technology has attracted attention to mitigate CO2 emission. Among the dominant 
CO2 capture technologies, pressure swing adsorption (PSA) is a promising alternative but requires still intensive 
energy consumption. In this study, a novel self-heat recuperation technology has been applied to the PSA process to 
reduce the CO2 capture cost. The detailed energy input of the proposed process is simulated using a commercial 
process simulator (PRO/II, Invensys). The simulation results indicate that the heat of adsorption stage (exothermic 
reaction) can be significantly recovered by reaction heat transformer (RHT), and reused for adsorbent regeneration 
(endothermic reaction). Meanwhile, an expander is added to recover wasted pressure associated with residual gas. As 
a result, the energy consumption of the proposed process is reduced to 0% of that of the conventional process. 
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1. Introduction 
Climate change is a critical issue of great concern worldwide, and is being caused by greenhouse gases. 
Among greenhouse gases, CO2 makes up a high proportion due to its presence in the atmosphere, 
contributing 70% of global warming effects [1]. Thus, it is clear that CO2 capture is a significant factor for 
greenhouse effect control and is a serious global priority. Although there are several technologies for CO2 
capture (e.g. absorption, adsorption, membranes and cryogenics), the energy penalty for existing 
technologies is still high. The major challenge for existing CO2 capture technologies is to lessen the 
energy consumption of the capital and operational costs.  
As an effective alternative for amine based absorption processes, pressure swing adsorption (PSA) 
technology has several advantages, including low energy penalty for regeneration, easily to be handled 
compared to liquid solvents, low capital investment and high capacity and selectivity. Nevertheless, it is 
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worth noting the overall energy consumption and particularly energy required to regenerate the adsorbents 
in desorption stage is a critical challenge that needs to overcome, which is approximately 9% of the net 
electricity efficiency of a coal-fired power plant [2]. 
In this study, a novel low-cost PSA CO2 capture process is exploited. To achieve the aim of energy 
saving, self-heat recuperation technology is retrofitted into PSA process to recover the adsorption heat and 
reuse it for the regeneration. In order to evaluate the capture efficiency, the detailed energy balance of the 
conventional and proposed PSA process is initially analyzed. Then, the total capture performance of the 
PSA process with and without SHR is evaluated by simulation study. 
2. Description of base case 
The typical PSA CO2 capture process is illustrated in Fig. 1(a). The flue gas from a typical coal fired 
power plant is first pressurized and then pumped into an adsorption column. Under the high pressure 
condition, the CO2 in the gas stream is captured by the adsorbent, and the other gas is exhausted from the 
top of the adsorption tower. After a sufficient adsorption, the pressure in the column is dramatically 
decreased to separate CO2 and regenerate adsorbent. When the captured CO2 is thoroughly retrieved from 
the outlet of the desorption tower, the regenerated adsorbent is reused to capture CO2 from the following 
feed stream. 
In order to circulate the process heat, a reaction heat transformer (RHT) is integrated into the proposed 
PSA process to recover the exothermic heat (adsorption stage) and reuse it for adsorbent regeneration 
(desorption stage). As shown in Fig. 1 (b), a working fluid is used to withdraw exothermic heat from the 
adsorber via heat exchange. The working fluid is at a low temperature and pressure in the liquid phase 
(state A), and has a vaporization temperature in the range when receiving the heat from the adsorber. 
Thus, a heated, vaporized, and low pressure working fluid is formed after heat exchange with adsorber 
(state B). The working fluid is continually compressed by a compressor to be further heated, and then 
introduced to desorption column make a heat exchange (state C). With a sufficient heat exchange, the 
high purity CO2 product and regenerated adsorbent is obtained at the different position of the column. 
Simultaneously, the working fluid after heat exchange is still in the gas phase with a low temperature and 
high pressure (state D). Here, an expander is used to close the cycle, and a low temperature and liquefied 
working fluid is regenerated (state A). The refreshed working fluid is sent to adsorber again and reused to 
recover the following exothermic heat exhausted from adsorption. 
 
Fig. 1. Energy and material flow of the conventional (a) and proposed (b) PSA process. 
3. Simulation 
The overall capture performance of the proposed PSA process is evaluated using a commercial process 
simulator PRO/II ver. 9.1 (Invensys). In order to simplify the calculation, the following assumptions are 
put forward: 1) The thermodynamic calculation is performed based on Soave-Redich-Kwong (SRK) 
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equation. 2) The adiabatic efficiency of compressor and expander are both set at 85%. 3) The minimum 
approach temperature in all heat exchangers is 10 K. 4) The heat loss in the capture process is neglected. 
The composition of feed gas (N2/85% and CO2/15%) is simulated to a typical 500 MW coal-fired 
power plant. The temperature and pressure of the flue gas is defined as 40 °C and 101 kPa, and the flow 
rate is set at 600 kg/s. 
4. Results and discussion 
4.1 Performance of the proposed process 
Fig. 2 shows the simulation result of the proposed process. The flue gas is also compressed to 404 kPa, 
and the compression work of the compressor is 96.9 MW. Unlike the conventional process, the 
temperature of the feed stream after compression is decreased by a heat exchange with the exhaust before 
expander (as shown in Fig. 2). Thus, the compression heat (around 12.9 MW) can be effective reused in 
the process. Meanwhile, the exothermic heat generated during adsorption stage (98.4 MJ) is also 
recovered and transferred to the regeneration of sorbent. In order to separate the captured CO2 from 
adsorbent, the pressure of the bed is continually decreased (about 39.4 MW). Furthermore, the recovered 
reaction heat from the adsorption stage is released in the desorption column. The high purity (99.9%) CO2 
product is collected at the outlet of the column, and the regenerated adsorbent is reused for the following 
capture cycle. It should be pointed out that in order to remove the recuperated heat, an additional 
compression work (18.7 MW) is necessary for RHT. In addition, the pressure of the residual gas is 
recuperated by an expander at the outlet of the adsorber (51.6 MW). 
 
Fig. 2. Simulation results of the proposed PSA process 
4.2 Comparison with the conventional PSA process 
In order to significantly estimate the performance of the proposed process, a brief comparison with the 
conventional approach is undertaken. The energy consumption of the conventional and proposed PSA 
processes is shown in Fig. 3(a). It can be observed that the energy penalty of the proposed process is 
effectively reduced. For the typical coal-fired power plant (CO2/15%), the energy requirement is 1.18 
MJ/kg CO2, and reduces to 40% of the conventional process. Fig. 3(b) shows the overall of required and 
recovered energy of the conventional and proposed PSA CO2 capture process. The total input energy of 
the conventional process is 136.3 MW, and mainly comprised of compression work (96.9 MW), 
decompression work (39.4 MW). It should be note that around 98.4 MJ heat is generated due to 
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exothermic reaction in the adsorption stage, which is wasted in the conventional PSA process by cooling 
water. By contrast, the exothermic heat (approximately 98.4 MJ) of adsorption column is effectively 
recovered by self-heat recuperation technology in the proposed process. In addition, the waste pressure 
associated with residual gas from the top of adsorption tower is recovered by an expander, thus about 51.6 
MW electricity can be saved. As a result, the net input energy of the proposed process is reduced to 58.5 
MW, and around 60% input energy can be saved compared to the conventional process. 
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Fig. 3. Comparison of capture performance between the conventional and proposed PSA processes. The influence of CO2 
concentration (a), and the detailed composition of energy consumption (b). 
5. Conclusion 
In this study, a novel PSA CO2 adsorption process using self-heat recuperation technology was 
outlined to reduce energy consumption. The energy analysis of the adsorption process was carried out, 
and the detail capture performance is also simulated. Compared to a conventional CO2 adsorption process, 
not only the reaction heat (98.4 MJ) but also the waste pressure of residual gas (51.6 MW) is recovered in 
the proposed process. This indicates that a significant reduction in energy consumption can be achieved. 
From the simulation results, it can be concluded that the energy consumption of the proposed process can 
be decreased to 40% of the conventional method. 
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